Since the first application of tannic acid to electron microscopy on biological materials (MIZUHIRA and FUTAESAKU, 1972) , the concomitant use of tannic acid with glutaraldehyde fixation has been known to result in enhanced electron density and contrast for cell surfaces (MIZUHIRA and FUTAESAKU, 1972 ; VAN DEURS, 1975; WAGNER, 1976) . This property of tannic acid may be useful to demonstrate and identify the derivatives of cell surfaces in the cytoplasm such as the invaginations and infoldings of cell membranes.
The chloride cells in teleost gills are characterized by a cytoplasmic tubular system which is continuous with the baso-lateral cell surfaces (PHILPOTT and CoPELAND, 1963; THREADGOLD and HOUSTON, 1964; PHILPOTT,1967; SHIRAI and UTIDA,1970) . Since this tubular system closely resembles in profile other cytoplasmic membrane structures such as the endoplasmic reticulum, the Golgi apparatus, and certain vesicular elements, it is occasionally difficult in routine thin sections to distinguish the components of this system from other membranous structures.
The present study aims to selectively demonstrate and identify this special tubular system in the chloride cells by using tannic acid.
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METERIALS AND METHODS
Gill filaments of fresh-water catfish (Parasilurus asotus) were used for the present study. After removal from the fish, the filaments were fixed for 2 hr in 2°° glutaraldehyde containing either 2% or 4°° tannic acid buffered with 0.1 M cacodylate at pH 7.4, and then post-fixed for 2 hr in 1% osmic acid buffered in the same way. After dehydration in graded ethanols, the specimens were embedded in epoxy resin. Thin sections were made with a diamond knife on a Porter-Blum microtome, stained with lead tartrate, and examined in a JEM 100 B electron microscope.
OBSERVATIONS
Chloride cells lining the gill surface together with pavement and mucous cells were observed particularly accumulated at the bottom of the clefts between adjacent gill lamellae. The cells were generally clear in appearance, and could therefore be easily distinguished from other types of epithelial cells at low magnifications.
The free surface possessed a few short microvilli covered with glycocalyx.
The lateral cell surfaces were attached to those of neighboring cells by a tight junction beneath the free surface, and showed slight interdigitations between adjoining cells (Fig. 1) . The cytoplasm was characterized by abundant mitochondria and well- Fig. 1 . Electron micrograph of a chloride cell of the fresh-water catfish gill in a routine preparation. The cytoplasm contains numerous branched tubular structures. They are often indistinguishable from the endoplasmic reticulum and Golgi elements (G). N nucleus.
x 10,000 developed tubular membrane structures (Fig. 1) . These tubules appeared uniform in diameter and contained homogeneous materials of low electron density. When treated with tannic acid-glutaraldehyde, the epithelial cells in the gill filaments were prominently demarcated by the enhanced contrast of cell surfaces, except at the tight junctional regions (Fig. 2, 3) . The glycocalyx covering the free surfaces of the cells was also increased in electron density (Fig. 3) . Only the cytoplasm of the chloride cells showed any marked change in appearance (Fig. 2) , whereas that of the other cells remained unaffected by the tannic acid treatment (Fig. 4.) . In the chloride cell cytoplasm, only the cytoplasmic tubules were selectively delineated with high electron opacity, as other components such as the Golgi apparatus and endoplasmic reticulum were not at all labeled with tannic acid (Fig. 2, 4) . In these tubules, the outer leaflets of their membranes and associated fuzzy materials were particularly enhanced in electron density and contrast (Fig. 4) . The meshwork pattern of the tubules (Fig. 2) and their continuity with the intercellular spaces (Fig. 2, 4) were also clearly demonstrated in this preparation.
DISCUSSION
The chloride cells in the gill filaments are thought to be responsible for regulating the salt balance between the internal and external milieus of the fish (KROGH, 1937) . In conjunction with this function, the cells are known to markedly increase the total cell surface area through the development of a special cytoplasmic membrane system which The cytoplasmic tubules are labeled selectively with enhanced electron density.
Elements of the Golgi apparatus (G) and endoplasmic reticulum (arrow) remain unaffected with tannic acid. .V nucleus.
x 20,000
consists of a meshwork of branching and anastomosing tubules continuous to basolateral cell surfaces (PHILPOTT and COPELAND, 1963; THREADGOLD and HouSTON, 1964; PHILPOTT, 1967; SHIRAI and UTIDA, 1970) .
The present study has shown that this tubular system of chloride cells can be easily and selectively demonstrated by the use of tannic acid, and confirmed its continuity with the baso-lateral cell surfaces.
The Golgi apparatus and endoplasmic reticulum have also been clarified as structurally independent of the tubules, and the cell surfaces as well.
It has been shown in endothelial cells that the concomitant use of tannic acid with glutaraldehyde fixation causes enhanced contrast only in the outer leaflet of the cell membranes and structures continuous with the cell surface.
The use of tannic acid following osmic acid fixation, however, results in an elevated electron density both in the inner and the outer leaflets of not only the cell membranes but also of the intracellular membranes (WAGNER; 1976) . This indicates that osmic acid increases the permeability of cell membranes to tannic acid. Therefore, using tannic acid together with glutaraldehyde fixation before osmication is necessary for selective demonstration of the tubular system opening to the cell surface. Tannic acid is known to bind to both membrane proteins and heavy metals, but does not itself give any electron opacity. Therefore, staining of specimens by heavy metals such as lead or uranium after treatment with tannic acid is imperative for obtaining high contrast in sites of tannic acid deposition. Fig. 3 . Apical portion of a chloride cell (CC) and a pavement cell (PC) treated with tannic acid. The surface membranes and associated glycocalyx are both labeled with tannic acid. The lateral cell surfaces are also increased in electron density, except at the tight junctional region. In the chloride cell (CC), the membranes of special tubules can be identified by their enhanced contrast among other membrane structures.
x 40,000
The continuity of the cytoplasmic tubular system with the baso-lateral cell surfaces in the chloride cells has been demonstrated in the gills of Fundulus by lanthanum (PHILPOTT, 1967) and in the kidney of the fresh water catfish by ruthenium red (KoMURO and YAMAMOTO, 1975) . However, lanthanum does not seem to bind to cell membrane components, but acts only as a tracer of the extracellular space, thus being easily washed away afterwards (LEVEL and KARNOVSKY, 1967) . On the other hand, ruthenium red combines with acid mucopolysaccharides of extracellular glycocalyx (LUFT, 1964) . Thus, the degree of enhanced electron density by ruthenium red depends on the presence of cell coats of acid mucopolysaccharides.
In contrast to these two agents, tannic acid is believed to bind to membrane proteins themselves exposed to the cell surfaces.
It is for this reason that the cell membrane and its intracellular derivatives can be easily labeled with tannic acid when used before osmication. The present study, in selectively demonstrating the cytoplasmic tubular system in the chloride cells, indicates the utility of tannic acid as a reliable tracer of the intracellular derivatives of cell surfaces in various cells.
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The use of a tannic acid-glutaraldehyde fixative to visualize gap and tight junc- Fig. 4 . Parts of a chloride cell (CC) and a pavement cell (PC) after treatment with tannic acid. In the former, special tubules are labeled with tannic acid, but the Golgi elements (G) and endoplasmic reticulum (arrow) are not. The continuity of the tubules with the lateral cell surface can be seen. In the pavement cell (PC), none of the cytoplasmic structures including the Golgi apparatus (G) and endoplasmic reticulum remain affected. x 40,000
